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FOREWORD 


This  report  was  nrepared  by  the  Cheney  Brothers  Company 
under  USAF  Contract  No.  AF  33(600)-26l09.  The  contract  was 
initiated  under  Project  No.  7320,  "Air  Force  Textile  Materials", 
Task  No.  73201,  "Textiles  Materials  for  Parachutes",  formerly 
RDO  No.  612-12,  "Textiles  for  High  Speed  Parachutes",  and  was 
administered  under  the  direction  of  the  Materials  laboratory, 
Directorate  of  Research,  Wripht  Air  Development  Center,  with 
Miss  Joyce  C.  McGrath  acting  as  project  engineer. 

The  work  reported  herein  covers ^the  period  from 
September  1953  to  November  19 54 ® 
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ABSTRACT 


Twenty-four  differently  constructed  samples  of  nylon 
cloth  in  the  desired  weight  range  were  woven,  finished  and 
tested, 

A  special  mathematical  study  of  the  relationship  between 
air  permeability  at  l/2  inch  of  water  pressure  differential 
and  at  higher  pressure  differentials  was  made.  This  discloses 
that  a  linear  relationship  in  these  values  exists  when  plotted 
on  full  logarithmic  graph  paper. 

The  ability  of  the  cloth  manufacturer  to  vary  the  high 
pressure  differential  permeability,  while  retaining  fixed  low 
pressure  permeability  ranges^is  indicated  to  be  a  practical 
one  within  limits,, 

A  total  of  1000  yards  of  additional  cloth  duplicating  two 
of  the  twenty-four  constructions  as  selected  by  the  Air  Force 
was  supplied  for  use  in  further  evaluation  of  the  material  by 
the  Parachute  Branch  of  Equipment  Laboratory. 


PUBLICATION  REVIEW 

This  report  has  been  reviewed  and  1b  approved. 


FOR  THE  COMMANDER : 


M.  R.  WHITMORE 
Technical  Director 
Materials  Laboratory 
Directorate  of  Research 
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INTRODUCTION 


Relatively  little  data  are  available  to  indicate  whether 
or  not  the  air  permeability  characteristics  at  increased 
pressure  differentials  for  a  given  construction  of  parachute 
fabric  nay  be  varied  Independently  of  the  air  permeability 
characteristics  at  the  1/2-inch  pressure  differential.  If  It 
is  determined  that  a  fabric  manufacturer  can  control  these 
properties  independently,  it  may  prove  to  be  possible  to 
develop  a  fabric  which  will  provide  the  parachute  designer 
with  a  selection  of  properties  which  will  enable  him  to  achieve 
improved  parachute  performance. 

It  is  therefore  the  objective  of  this  contract  to  obtain 
basic  information  as  to  how  the  permeabilities,  at  high  and  low 
pressures,  of  a  given  nylon  fabric  could  be  independently 
controlled. 
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SECTION  I 


PROCEDURE 


For  purposes  of  this  study,  one  type  of  fabric  was 
investigated,  namely  the  fabric  described  by  Specification  MIL-C- 
7350,  Type  I,  2.25-oz.  Nylon  Cargo  Paracnute  Fabric.  Fabric  to 
this  specification  has  been  used  in  certain  cargo  parachutes  of 
large  dimensions,  such  as  the  No.  G-12.  Under  this  experimental 
contract,  2i|  variations  of  the  basic  fabric  were  woven  as  follows; 

Yarn:  100/ 3 4,  Type  300,  High  Tenacity  Nylon 

Twist  as  noted  below 

Warp:  61|  Ends/inch,  l±2.2  inches  wide  -  in  reed 

Filling;  68  Picks/inch  off  loom 


Nominal  Twist/ 
Inch  (Z) 


Code  No. 

Warp 

Filling 

Weave 

Fini sh 

IN 

0.75 

0.75 

Plain 

Not 

calendered 

2N 

0.75 

0.75 

Twill (2x1) 

n 

n 

3N 

0.75 

0.75 

Dobby 

n 

n 

4n 

0.75 

5.75 

Plain 

n 

n 

5n 

0.75 

5.75 

Twill (2x1) 

n 

n 

6N 

0.75 

5.75 

Dobby 

n 

n 

1C 

0.75 

0.75 

Plain 

Calendered 

in  grey 

2C 

0.75 

0.75 

Twill (2x1) 

n 

n 

n 

3C 

0.75 

0.75 

Dobby 

n 

n 

ti 

4C 

0.75 

5.75 

Plain 

n 

n 

ii 

5o 

0.75 

5.75 

Twill(2xl) 

n 

n 

ti 

6C 

0.75 

5.75 

Dobby 

n 

n 

ti 

7N 

5.75 

0.75 

Plain 

Not 

calendered 

8n 

5.75 

0.75 

Twill (2x1) 

n 

n 

9N 

5.75 

0.75 

Dobby 

ti 

n 

10N 

5.75 

5.75 

Plain 

rt 

n 

11N 

5.75 

5.75 

Twill (2x1) 

ti 

n 

12N 

5.75 

5.75 

Dobby 

n 

ti 

7C 

5.75 

0.75 

Plain 

Calendered 

in  grey 

8C 

5.75 

0.75 

Twill (2x1) 

« 

Ft 

it 

9C 

5.75 

0.75 

Dobby 

ti 

11 

ti 

10C 

5.75 

5.75 

Plain 

if 

II 

ti 

11C 

5.75 

5.75 

Twill (2x1) 

it 

n 

n 

12C 

5.75 

5.75 

Dobby 

ti 

ti 

ii 

Note;  The  dobby  weave  used  is  that  shown  in  Specification 
MIL-C-7350,  Type  I,  Weave  Diagram  (See  Graph  1). 
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GRAPH  1 


WEAVE  DIAGRAMS 


2x1  Twill 


Bobby 
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A.  WEAVING  OF  SAMPLES 


A  500-yard  warp  was  made  using  the  100/34/.75-Z  yarn  and 
i|0  yards  each  of  Code  Nos.  1  through  6  wore  woven  in  succession, 
this  yardage  to  bo  finished  as  Code  Nos.  IN  through  6N.  Another 
1|0  yards  each  of  Code  Nos,  1  through  6  were  then  woven,  to  be 
finished  as  Code  Nos.  1C  through  6 C. 

A  second  500-yard  warp  was  made  with  the  100/34/5.75-2  yarn 
and  1|0  yards  each  of  Code  Nos,  7  through  12  were  woven,  to  be 
finished  as  Code  Nos.  7N  through  12N.  Another  40  yards  each  of 
Code  Nos,  7  through  12  were  then  woven,  to  be  finished  as  Code 
Nos.  70  through  12C. 


B.  FINISHING  OF  SAMPLES 


The  samples  bearing  the  Code  Nos.  1C  through  12C  were  given 
a  hot  calendering  in  the  grey,  two  nips,  approximately  seven 
tons  pressure.  A  Van  Vlaanderen  calender  with  one  steam  heated 
steel  roll  and  two  wool-felt  paper  filled  rolls  was  used. 

Samples  1C  through  12C  were  then  sewn  to  samples  IN  through 
12N  and  processed  in  one  lot  as  follows: 

Jig  scour,  four  ends  at  the  boil 

3.0  lbs.  Naccanol  NR  (National  Aniline  A 

Chemical  Co, ) 

2.0  lbs.  Caustic  Flakes 
1.0  lb.  Tripolyphosphate 

100  gallons  of  water 

Rinse,  in  the  jig,  three  ends  at  the  boil 

4.0  lbs.  Boric  Acid 

100  gallons  of  water 

Flat  extraction  on  a  vacuum  extractor 

Pad  through  a  solution  of  one  quart  of  "Coronyl” 
oil  (E.  F,  Drew  &  Co.)  in  ten  gallons  of 
water  and  dry  at  275-300°F.  in  the  crepe 
dryer# 

Steam  tenter  to  width# 
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C.  FURNISHING  CLOTH  FOR  PARACHUTE  EVALUATION 


After  reviewing  the  rosults  obtained  on  the  2l|  samples,  the 
Materials  Laboratory  requested  reproduction  under  Item  VI  of  the 
contract  as  follows; 

750  yards  Code  I4U  (Reproduction  Code  No.  Rlj.C ) 

25>0  yards  Code  2C  (Reproduction  Code  No.  R2C) 

In  addition,  a  Local  Purchase  Branch  order,  Contract  AF- 
33 ( 616 J -352+7 ,  was  issued  for; 

500  yards  Code  1C  (Reproduction  Code  No.  R1C) 

250  yards  Code  4C  (Reproduction  Code  No,  Rl+C ) 


D.  WEAVING  OF  REPRODUCTION  LOTS 


A  2100-yard  warp  of  IOO/3I4/.  75-Z,  Type  300,  Nylon,  correspond¬ 
ing  to  the  one  used  to  manufacture  the  samples  identified  as  Code 
Nos.  1,  2,  and  i|,  was  made  and  woven  out  in  approximately  260-yard 
grey  pieces  as  follows; 

Code  R1C  $20  yards 

Code  R2C  260  yards 

Code  Rlj.C  1,112  yards 


E.  FINISHING  OF  REPRODUCTION  LOTS 


The  1892  yards  of  grey  fabric  were  processed  In  one  lot, 
including  hot  calendering  In  the  grey,  as  outlined  under  "B. 
FINISHING  OF  SAMPLES." 

The  Code  R1C  fabric  showed  permeability  results  (TABLE  VII) 
close  to  those  obtained  In  the  Wright  Air  Development  Center 
Materials  Laboratory  tests  shown  in  TABLE  V, 

The  Code  R2C  fabric  had  a  permeability  in  initial  tests  of 
33 0 3  cu  ft/min/sq  ft  at  l/2-inch  pressure  and  26$  cu  ft/min/sq 
ft  at  12  inches  of  pressure,  which  was  somewhat  higher  than  the 
permeability  previously  reported  in  TABLE  V  (l/2-inch  -  26.5; 

12-Inch  -  228.9),  so  we  were  requested  by  the  Materials  Laboratory 
to  reduce  the  1/2-inch  pressure  permeability  to  26  cu  ft/min/sq  ft. 
The  cloth  was  again  hot  calendered  and  rope  washed  at  120°F  in 
plain  water  and  steam  tentered.  The  outcome  was  a  permeability  of 
29.4  cu  ft/min/sq  ft  at  l/2-inch  pressure  and  275  cu  ft/min/sq  ft 
at  12-inch  pressure  as  shown  in  TABLE  VII.  The  cloth  was  then 
shipped  without  further  reprocessing. 
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The  Code  Ri|C  fabric  had  an  initial  porosity  of  44-6  cu  ft/ 
rnin/sq  ft  at  l/2-Inch  pressure  and  3 12  cu  ft/mln/sq  ft  at  12-inch 
prossure,  slightly  bolow  the  results  obtained  on  Code  lj.C  sample, 
as  shown  in  TABLE  V  (l/2-inch  -  55;  12-inch  -  385).  In  an  effort 
to  raise  the  permeability  to  the  desired  level,  one  piece  from 
this  lot  was  rope  washed,  relaxed,  on  a  reel,  but  showed  no 
apparent  permeability  change.  The  remainder  of  the  lot  was  not 
rehandlod.  Permeability  tests  on  two  pieces  from  this  lot  are 
shown  in  TABLE  VII. 

Under  Item  VI  of  this  contract,  we  shipped: 

238-U./8  yards  -  Code  R2C 

80li  yards  -  Code  Ri|C 

Tb  1; 2-4/8  yards 

Against  Contract  AF-33(6l6)-3547,  we  shipped: 

481-6/8  yards  -  Code  R1C 

250-7/8  yards  -  Code  R4C 

732-5/8  yards 


F.  TESTING 


Physical  and  chemical  tests  on  the  samples  were  made  in 
accordance  with  Specification  MIL-C-7350A,  Amendment  1,  Type  I 
fabric.  These  tests  (as  applicable)  were  performed  on  grey  goods 
(See  TABLE  I)  and  on  finished  goods  (See  TABLE  II). 

Seam  efficiency  tests  on  the  24  samples  are  reported  in 
TABLE  II. 

Physical  and  chemical  tests  on  the  reproduction  lots  are 
reported  In  TABLE  III, 

TABLE  IV  list s  Cheney  Brothers’  permeability  test  results  on 
the  24  samples,  tested  over  a  pressure  range  of  l/2  inch  through 
12  inches  of  water  (limit  of  contractor's  equipment  -  United 
States  Testing  Company  air  permeability  tester  on  which  we 
changed  the  sample  area  from  6  sq  in.  to  1  or  2  sq  in.  as 
required  by  permeability  range  of  the  sample.  The  manometer 
which  measures  pressure  drop  across  the  fabric  was  changed  by 
using  a  "U"  tube  filled  with  water  instead  of  the  manometer 
supplied  by  the  manufacturer,  which  read  to  only  a  1-inch 
pressure  drop.) 

TABLE  V  lists  Wright  Air  Development  Center  Materials 
Laboratory  permeability  figures  over  a  pressure  range  of  1  to  20 
Inches  for  the  same  marked  areas  as  tested  by  Cheney  Brothers 
and  reported  In  TABIE  IV.  These  tests  were  made  on  the  Wright 
Air  Development  Center  Frazier  high  pressure  differential 
permeability  tester,  which  has  a  range  of  1  to  20  inches  of 
water  on  1  sq  in,  of  fabric. 


WADC  TR  54-468 


6 


Tho  permeability  figures  given  in  TABLE  VI  are  an  average  of 
five  readings  on  each  sanplo  over  the  1  to  fO-lnoh  range  ."’.ado  by 
Wright  Air  Development  Center.  These  teats  were  mado  on  the  I  5- 
yard  samples  submitted  of  each  of  the  Pl[  fabrics.  All  conclusions 
drawn  from  this  work  are  based  or  those  figures. 

TABLE  VII  lists  the  permeability  readings  over  the  l/f-inch 
to  IP-inch  range  obtained  by  Cheney  Brothers  on  tho  reproduction 
lot  s . 
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PHYSICAL  TESTS  ON  ORKTC.g  CLOTH 
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Method  5UO  of  CCC-T-191b,  except  seans  were  iaade  using  standard 
nylon  cargo  seam;  10  stitches  per  inch,  2-needle  machine,  "E”  nylon 
sewing  thread.  Samples  were  sewed  with  two  selvages  in  seam. 
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All  Headings  on  Each  Sample  Made  on  One  Marked  Area  Only,  an 
Without  Disturbing  Sample  in  Machine  Until  Series  Completed. 
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(Average  of  5  Readings  Bach) 
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^11  Readings  on  Each  Sample  Made  on  One  Marked  Area  Only,  am 
Without  Disturbing  Sample  in  Machine  Until  Series  Completed 
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si-;c': : on  ii 
DISCUSSION 

A.  MATHEMATICAL  RELATIONSHIPS 


1,  A  mathematical  analy3l3  of  air  permeability  data 
from  TAB LEVI,  teats  made  by  the  Wright  Air  Development  Contor 
Materials  Laboratory  on  fabrics  woven  undor  this  contract, 
discloses  that  the  relationship,  air  permeability  vs.  pressure 
dif f erential,  is  an  exponential  function  that  should  result  in 
a  straight  line  when  plotted  on  full  logarithmic  paper.  (See 
also  GRAPHS  7  through  11.)  Additional  data  from  tests  made  on 
over  a  hundred  fabric  samples  and  reported  undor  other  con¬ 
tracts  (2,  3,  4,  5)#  have  been  plotted  and  the  results 
consistently  bear  out  the  above  observation. 

It  also  appears  that  the  slope  of  the  straight  line 
plotted  on  logarithmic  paper  is  an  indication  of  the  extent  to 
which  a  fabric  conforms  to  the  concept  of  "Constant  Effective 
Porosity"  (!)•».  (See  APPENDIX  I  for  mathematical  development.) 

It  has  been  found  empirically  that  the  relationship 
between  air  permeability  and  pressure  differential  is  adequately 
described  by  the  following  equations 

log  Mn/Mx  -  K  log  hn/hx 

where  Mn  and  Mjc  are  air  permeabilities  at  pressure  differentials 
of  hn  and  hXr  and  K  Is  a  constant  for  any  particular  sample  of 
fabric,  but  not  the  same  value  for  all  fabrics,, 

The  test  of  the  above  relationship  has  been  made  in 
most  cases  by  fitting  a  straight  line  to  the  data  plotted  on 
logarithmic  paper  and  testing  the  fit  by  eye.  For  most  of  the 
data  available,  K  has  been  determined  by  one  or  more  of  the 
methods  described  in  APPENDIX  II. 
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GRAPH  9 
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2.  Significance  of  "K" 

The  value  of  "K"  roprooonts  the  slope  of  the  straight 
lino  plottod  on  logarithmic  graph  paper  and  thoroforo  dofinos 
tho  relationship  between  air  porraoability  and  pro33uro  differ¬ 
ential  for  the  fabric  reproaontod.  Fabrics  having  relatively 
higher  pormoability  at  higher  pressures  will  show  higher  values 
of  "Kn.  Tho  fabrics  coverod  by  our  study  havo  shown  valuos  of 
ranging  from  0.5lQ  to  0.75.  Published  data  for  various 
tests  on  air  flow  through  holes  in  metal  plates  and  well- 
rounded  metal  orifices  also  show  linear  relationship  with  "K" 
values  between  0.i|95  (5.0-inch  diameter  hole  in  metal  plate 
.057  inch  thick  (6)#),  and  0.539  for  woll-roundod  1  mm  orifice. 
(Frazier's  calibration  for  high  pressure  differential  per- 
meabi lity  tester. ) 

Some  of  the  variables  controlling  "K"  are  indicated 
by  this  study,,  while  others  remain  to  be  discovered. 

One  important  variable  controlling  "K"  appears  to  be 
the  "dlstortability"  of  the  fabric  under  increasing  pressure 
differentials.  Any  variation  in  construction  or  finishing 
technique  which  makes  it  possible  for  a  fabric  to  distort  more 
readily  tends  to  increase  the  value  of  "Kn .  Some  of  these 
variations  and  the  level  of  significance  for  the  data  obtained 
are  shown  in  TABLE  VUE.  As  can  be  seen  in  this  tablep  data 
obtained  under  this  contract  and  from  study  of  the  literature 
were  sufficient  to  establish  only  filling  twist  and  grey  cal¬ 
endering  as  of  definite  significance.  In  all  the  other  cases 
it  was  possible  to  study,  the  amount  of  data  available  we.e 
only  great  enough  to  establish  trends. 
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3,  Practical  Use  of  r'Kn  In  Fabric  Design 

The  controllable  fabric  conotruction  factors  which 
soom  to  affoct  "K"  aro: 

Fabric  Goomotry 

Fiber 

Yarn  sizo  and  filament  count 

Woave 

Twi  st 

End  and  pick  count 
Processing  Variables 
Grey  calendering 

Various  dyeing  and  finishing  variables 

Data  obtained  under  this  contract  indicate  three  of 
these  factors  as  of  the  greatest  significance. 

(1)  When  a  grey  fabric  is  calendered,  the  resultant 
permeabilities  at  both  low  and  high  pressure  differentials  are 
significantly  reduced  from  those  obtained  on  the  same  fabric 
finished  without  calendering.  This  is,  of  course,  a  well- 
known  standard  practice  in  the  industry.  However,  the  value  of 
"K"  is  increased  by  this  technique  so  that  the  permeability 
values  for  the  higher  pressures  are  not  decreased  in  direct;  pro¬ 
portion  to  the  decrease  at  l/2-inch  pressure. 

(2)  A  second  factor  which  shows  considerable  signifi¬ 
cance  is  a  change  of  filling  twist.  Ab  filling  twist  is 
increased,  the  ^K"  value  decreases,  probably  because  it  makes  a 
rounder,  firmer  yarn,  less  subject  to  distortion. 

(3)  A  third  factor  which  is  important  because  it  does 
not  change  the  value  of  ”Kn  significantly,  but  does  change  per¬ 
meability,  is  a  change  in  the  amount  of  weight  applied  in 
calendering,  once  the  fact  of  calendering  is  established.  This 
is  a  valuable  tool  if  the  fabric  is  designed  for  a  calendered 
finish,  as  it  permits  much  closer  control  of  permeability  than 
would  be  practical  if  it  were  necessary  to  shift  back  and  forth 
from  a  non-=calendered  to  a  calendered  condition 
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Tho  other  variables  listed  undoubtedly  control  "K"  to 
somo  extent,  but  30  Tar  only  enough  data  ore  available  to  indi¬ 
cate  a  trend;  nanoly,  that  any  factor  that  mnkoo  it  oaoior  for  a 
yarn  or  fabric  to  distort  under  an  appliod  preaouro  difforontial 
tends  to  incroaoo  tho  valuo  of  "Kn. 

Example  1  -  A  fabric  i3  doairod  which  ha3  a  purmoabil- 
ity  at  l/2-inch  pressure  of  $0  to  90  cu  ft/rain/eq  ft  and  a 
permoability  at  20  inchos  pro3suro  of  500  to  700  cu  ft/mln/sq  ft. 
Another  fabric  already  In  existence  meets  all  the  physical  and 
chemical  requirements „  except  that  it  has  a  1/2-inch  pressure 
permeability  of  157  and  a  20-inch  prossuro  permoability  of  1226, 
The  "K"  value  is  0.557.  The  existing  fabric  has  a  filling  twist 
of  5  turns  "Z"  and  was  not  calendered  in  finishing. 

By  reference  to  TABLE  DC  or  GRAPH  12,  it 
will  bo  seen  that  for  a  permeability  range  of  50  to  90  at  1/2- 
inch  pressure  differential,  "Kn  values  in  the  range  0.500  to 
0.700  produce  the  required  20-inch  value,  although  at  the 
extremes  of  this  range  the  low  pressure  tolerance  would  be  too 
small  to  be  practical.  The  best  nKn  value  would  be  approxi¬ 
mately  0.575*  which  would  allow  a  l/2-inch  pressure  permeability 
range  of  60  to  85,  or  72.5  plus  or  minus  17%.  This  tolerance, 
while  narrow,  could  probably  be  met. 

In  order  to  produce  the  desired  properties, 
the  filling  twist  was  decreased  to  3.5  turns  per  Inch  and  fin¬ 
ishing  planned  to  Involve  a  calendering  in  the  grey.  Both  of 
these  changes  Increase  *K'\  while  decreasing  the  l/2°inch  perme¬ 
ability  and  the  result  is  a  fabric  meeting  the  new  specifica¬ 
tion. 


Example  2  -  Given  the  Information  Included  in  TABLE  V 
on  the  air  permeabilities  and  values  of  cKn  of  the  2l|  samples 
woven  under  this  contract,  design  one  or  more  fabrics  which 
will  have  an  air  permeability  of  80  at  l/2-inch  pressure  differ¬ 
ential  and  a  20~inch  air  permeability  of  800„ 

The  procedure  followed  here  Is  to  compare 
two  samples  which  vary  only  In  filling  twist,  and  calculate  the 
twist  required  to  produce  a  l/2-Inch  air  permeability  (M^.)  of 
80.,  For  each  such  possible  set,  calculate  the  value  of  ^"for 
the  resulting  modification  and  the  20-inch  differential  permea~ 
bility  (M20K  Select  the  one  or  more  results  which  are  the 
closest  solution  to  the  problem. 
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Codo  Twist 


Weave 

No. 

Warp 

Pill. 

Plain 

(  IN 

(  4w 

3A 

3/k 

3A 

5-3/1* 

Twill 

(  2N 

(  5n 

3/k 

3/k 

3/1* 

5-3/1* 

Dobby 

(  3N 
(  6N 

3/k 

3A 

3/1* 

5-3/1* 

Plain 

(  7N 
(ION 

5-3/1* 

5-3A 

3A 

5-3A 

Twill 

(  8N 
( 11N 

5-3/1* 

5-3/1* 

3/1* 

5-3/1* 

Twill 

(  8C 
(11C 

5-3/1* 

5-3/1* 

3/1* 

5-3A 

Dobby 

(  9C 
(12C 

5-3/1* 

5-3/1* 

3/1* 

5-3/1* 

Calculated 
cation  for 

Modifi- 

Mj.  a  80 

nK« 

Pill. 

Twist 

"K" 

M20 

34 

97 

.645  ) 

.576  ) 

4.4 

.59  5 

719 

52 

138 

.639  ) 
.591  ) 

2.37 

.623 

796 

57 

118 

.619  ) 
.602  ) 

2.63 

.613 

768 

38 

120 

.675  ) 
.610  ) 

3.31 

.642 

855 

77 

154 

.614  ) 
.625  ) 

.95 

.614 

771 

62 

95 

.665  ) 
.654  ) 

3.48 

.659 

911 

60 

109 

.654  ) 
.622  ) 

2.79 

.641 

852 

It  oan  be  seen  that  the  modified  fabrio  most 
olosely  fitting  the  speoif loations  is  the  seoond  one*  Twill  Weave, 
3/4  in  the  warp,  2.37  twist  in  the  filling,  "Kft  n  .623, 

20-Inoh  air  permeability  -  796,  The  other  figures  give  an  Idea 
of  the  range  of  ”KW  and  Mpn  which  should  be  obtainable  by  modify¬ 
ing  weave,  warp  twist,  filling  twist,  and  grey  calendering. 

Another  faot  which  can  be  seen  here  is  the  necessity  of  ohanging 
two  variables  simultaneously  If  ”Kn  is  to  be  changed  while  keep¬ 
ing  constant. 
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Calculated  Values  of  Air  Permeability  (Cu  Ft/Hin/Sq  Ft) 
at  20-In,  Water  Pressure  Differential  for  Different  Values  of 


Ed  s 

a  <r 

)  Q  A 

3  O  CO 

5  A  H 

•  CM  CM 

2070 

1955 

l8Uo 

XA  O  XA 
CM  rH  On 

A-  nO  -4 

rH  rH  rH 

O  XA  O 
00  M3  XA 

A  CM  H 
rl  rH  rl 

XA  O  A 
CA  (M  O 
O  On  CO 

i — 1 

O  A  O 
On  C—  m3 
M3  A-4 

A  O  A 
4  A  r-j 
A  CM  H 

EdK 

■  oc 

N  C —  CM 

1  On  On 

>  O  0\ 

•  CM  r-i 

co  ca  co 
COCO  A 
CO  A- NO 
r-i  r-i  r-i 

CA  CD  CA 
AnO  M3 
XA-4  CA 
rH  rH  rH 

CO  CA  On 

uxxa  j 

CM  H  O 

r-i  r-i  r~i 

On©  A 

On  _4  On 
CM  CM  H 

nO  A  -4 

4  O  A 
rH  H  O 
A  CM  H 

E  cc 

>  ca  a 

>  H  r-i 

l  On  CO 

>  r-i  H 

4AO 
CM  CM  CA 
A- M3  XA 
r-i  r-i  r-i 

_4  On  CA 
CA  CA  4 
_4  CA  CM 
rH  rH  rH 

CO  CM  M3 
_4  XA  XA 

as*' 

Q  A  On 

m3  m3  'O 

CO  A-  nO 

-4  CO  A 
At —  CO 
A  4  A 

A  H  M3 

CO  On  On 

CM  r-i 

s  xr 
bd  C'- 
c 

i 

V  -3  C- 
3  A 
t —  M3 

1  rH  H 

O  CM  XA 

I —  CO  On 
XAJA 
rH  rH  rH 

4H4 
O  CM  A 
CA  CM  r-i 
r~i  r-i  r~i 

A-  On  CM 
4  XA  A 
O  On  CO 
rH 

ACO  O 
CO  On  H 
AM)  H3 

A  nO  On 
CM  A  4 
A-4  A 

H  4  A 

nO  A  CO 
CM  H 

B  O 
bd  a 
c  a 

• 

k 

A  A 
rH  rH 

H  CM  CM 
AAA 
-4  CA  CM 
rH  rH  rH 

CA  CA  A 
On  H  CM 

333 

-4  XAXA 

XA  A-  On 
On  CO  A 

AM)  NO 
H  A  A 
A-  M3  A 

A  A  CO 
A  On  H 
-4  A  A 

CO  On  O 
A  ACO 
CM  H 

c  u> 

*4  OvJ 

r  r^- 

• 

,  O  A 
A  A 

33 

XA  CA  Q 
O  CAM) 
CA  CM  rH 
r-i  r-i  r-i 

CO  A  A 
CO  H  CA 
O  O  On 
rH  rH 

O  CO  XA 
A-  On  CM 
CO  A  A 

CM  O  A 
ACO  O 
nO  A  A 

A  CM  O 
AnO  On 
-4  A  CM 

A  ACM 

H  4 

CM  rH 

Sd  8 

c  r- 

• 

fA  M3 
CM  XA 

33 

O  -4  CO 
On  CM  XA 

333 

cm  NO  _4 
o.  CM  XA 
0-0 n  CO 

4  A  H 

On  CM  nQ 
A  A  no 

A  On  A 
On  CM  M3 
A  A -4 

AHA 
On  A  M3 
A  A  CM 

CO  CM  NO 
On  AnO 

H  r-i 

p  IA 
M  h~ 
B  vo 

• 

H  H 

XA  XA  XA 
CO  CM  M3 

O  O  On 
rH  rH 

XA  -4  On 
OJA 
On  CO  A 

.4  ca  CA 
CM  nO  O 
A- M3  M3 

CM  CM  CM 
.4  CO  CM 
A-4  -4 

CM  H  rl 

M3  o  3 
A  A  CM 

r-i  H  Q 

CO  CM  NO 

H  H 

Ed  Si, 

B  M3 

« 

83 

da 

O  XA  O 
On  CA  CO 
On  On  CD 

XA  O  O 

CM  A-  rH 
CO  A  A 

Q  U\  O 
nO  O  XA 
NO  NO  XA 

A  O  On 
On_4(D 
-4-4  A 

O  A  O 
A  A  CM 
A  CM  CM 

A  O  A 
nO  H  A 
H  r-l 

«  UN 
bd  CM 
C  M3 

• 

CA  CA 

O  XA 

O  On 

1  rH 

CA  CA  CM 

O  XA  O 
On  CO  CO 

CM  OJ  CM 
XA  O  XA 
A-  A- M3 

CM  CM  H 

O  XA  O 
M3  XAXA 

rH  H  H 
A  O  A 
-4-4  A 

H  rH  H 

O  A  O 
A  CM  CM 

H  Q  O 
A  O  A 

H  rH 

B  Q 
bd  Q 
E  M3 

• 

XA  On 

H  M3 

On  00 

CA  A-  CM 

CM  A-CA 
CD  AA 

M3  O  H 

On  A  A 
40XA 
XA  XA-4 

HM3  O 

H  MD  CM 

3  A  A 

-4  CO  A 
A  CM  CO 

CM  CM  H 

A  CM  NO 

A  On4 
H 

c  a 
bd  a 
n  a 
0 

-4 

CA  On 

CO  A 

HOnA 
XA  O  MO 

A-  A- M3 

NO  _4  ON 

CM  CC3  CA 

NO  XAXA 

OOnA 

O  XA  H 
XA44 

A-4  CM 
[ —  A  On 

A  A  CM 

O  CO  A 
A  O  nO 

CM  CM  H 

A  A  CM 

B  O 
bd  A 
r  A 

• 

H  CM 

NO  CM 

A-  A 

-4  M3  CO 
COJO 

M3  no  NO 

O  CM  H 

A-  ca  On 
XA  XA  4 

M3  co  O 

A  H  CO 

-4-4  CA 

CM  -4  M3 
-4  QM3 

A  A  CM 

CO  O  CM 

CM  O-  A 

CM  rH  H 

3  M3  CO 

n  AA 

0  A 
bd  CM 

O  A 

• 

-4  On 
OnXA 

MD  M3 

-4  O  XA 

CM  OnXA 
NO  XA  XA 

O  XACO 

CM  CO  _q 
A-44 

M3  H  A 

CM  A- CM 

H  a3 

A  CM  CM 

CO  A  On 

O  A  A 

CM  H  rH 

4  ON  A 

O  nO  A 

rH 

0  \A 

♦ 

CM  O 

CA  Q 

NO  M3 

ON  CON O 

M3  CA  O 

XA  XA  XA 

_4  CA  On 
A-4  O 
444 

On  CO  no 

A- _4  H 

CA  CA  CA 

-4  a  H 

CO  ACM 

CM  CM  CM 

O  OO  M3 

On  ACM 
rH  rH  rH 

4  A  CM 

On  NO  A 

£ 

dS  . 

■Sol  \ 
©\  « 
firl  O 

OXA 

O  On 

_4 

O  XAO 

On  CO  00 

XA  O  XA 

A—  A- NO 

O  XA  O 

M3  XAXA 

A  O  A 
-4-4  A 

O  A  O 

A  CM  CM 

XAO  A 

H  H 

H  0 

HADC  TH  5U-U66 


35 


Formulas  Log 

e  **20  ■=  log  Hi  ♦  K  log 


Perm' 


mmm  -:"r  *1.  permeability  at  20-in, pressure 

DIFFERENTIAL  FOB  VARIOUS  PERMEABILITY  LEVELS  AT 
1/2-1 ». PRESSURE <  i  i 

Data  Plotted  fr<jm  TABLE  Df 

•  «rxrformylm:  •  ‘  - .  "J  '  f  [  .. 

tog  H^p  •  tog  /  K  Log  £?0 


0- IN, PRESSURE 


RAEl  12 


NTIAL  FOR  VARIOUS  PERMEABILITY  LEVELS  AfT 
PRESSURE  i 

otted  fr^m  TABLE  IX 
omnjla ;  . 

•  tog  Ml  /  K  Log  &20 


H  • 

4.  "K"  Valuo  Correlation 


TABLE  X  demonstrates  the  correlation  between  "K” 
values  which  can  be  obtained  among  different  samples  and 
betwoon  different  laboratories.  The  data  listed  as  taken  from 
TABLE  VI  and  TABLE  V  are  derived  from  teats  made  by  the  Materials 
Laboratory,  Wright  Air  Development  Center,  on  two  different  sets 
of  samples.  The  data  under  TABLE  VI  were  from  an  average  of  five 
tests  and  the  data  under  TABLE  V  were  from  one  test  taken  in  a 
single  marked  area  on  a  different  set  of  samples  from  those 
examined  under  TABLE  VI,  The  rank  order  correlation  in  this 
instance  is  ,863. 

The  data  from  TABLE  IV  wore  established  by  the  Contractor 
testing  a  2-sq  in.  area  over  pressure  differentials  of  l/2  inch 
to  12  inches.  The  comparable  data  from  TABLE  V  give  the  same 
samples,  testing  within  the  same  marked  area,  but  over  only  a 
l-sq  in,  area,  by  the  Materials  Laboratory  at  Wright  Field, 

These  two  columns  show  a  rank  order  correlation  of  ,921, 

It  is  probable  that  the  correlation  between  TABLE  V 
and  TABLE  IV  would  be  better  if  the  Contractor  had  had  available 
an  instrument  that  could  test  up  to  20-inch  pressure  differ¬ 
entials,  and  if  the  areas  tested  had  been  exactly  the  same, 
rather  than  only  within  the  same  2-sq  in,  area. 

Assuming  that  the  data  under  TABLE  VI  (Average  of  Five 
Readings) are  the  most  nearly  correct  of  the  three  sets,  the 
rank  order  correlation  between  this  information  and  that  shown 
in  TABLE  IV  (one  set  of  readings  taken  over  a  pressure  differ¬ 
ential  range  of  only  l/2  to  12  Inches  of  water)  Is  still  ,895. 
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Rank  Order  Correlation:  TABLE  VI  &  V  -  .883 

TABLE  VT  &  IV  -  .895 

TABLE  IV  &  V  -  .921 


B.  GENERAL  COMMENTS 


1.  Woaving 

No  difficulty  was  experienced  in  connection  with  the 
producer's  twist  yarns  in  the  warps  of  samples  IN  through  6N  and 
1C  through  6C .  These  trials  seom  to  indicate  that  a  fabric  of 
thl3  typo  made  wi th  100  denier,  3 4  filament,  Type  300  nylon  warps 
could  successfully  be  produced  commercially  with  producer's  twist 
in  the  warp  yarns.  This  would  not  necessarily  be  equally  true  of 
lighter  fabrics  and  other  yarn  sizes, 

2.  Finishing 

Reproduction  of  identical  permeability  properties  in 
reproduction  lots  was  not  accomplished  merely  by  presumably 
making  those  lots  in  identically  the  same  manner  as  the  originals. 
Some  reprocessing  to  readjust  the  permeability  after  initial 
finishing  was  resorted  to,  but  did  not  fully  accomplish  the 
desired  purpose.  Exact  control  of  permeability  is  not  practical, 

A  specification  tolerance  of  not  less  than  plus  or  minuB  20 %  of 
the  desired  average  is  unavoidable, 

3.  Permeability  Adjustments 

(a)  Calendering 

The  pressure  used  in  calendering  was  the  same  for 
all  of  the  calendered  samples  1C  through  12C  and  was  relatively 
low  pressure  as  compared  to  the  capacity  of  the  available 
machinery  (7  tons  usedj  100  tons  available).  It  is  probable  that 
all  of  the  samples  in  this  series  could  be  made  to  yield  the  same 
permeability  level  merely  by  selecting  the  correct  amount  of 
pressure  in  the  calendering  of  each.  Furthermore,  the  permeabil¬ 
ity  of  the  lowest  of  those  shown  can  easily  be  reduced  to  much 
lower  levels  than  those  shown  here  (lowest,  l/2-in.  water,  9  cu 
ft/sq  ft/min?  20-in,  water,  l5l  cu  ft/sq  ft/min), 

(b)  Twist 

The'  amount  of  twist  In  yarns,  and  especially  the 
filling  twist,  is  again  proven  to  be  of  major  importance  in 
establishing  the  permeability  level.  The  addition  of  five  turns 
per  inch  twist  to  the  filling  yarn  alone  results  in  doubling  and 
tripling  the  permeability  level.  It  is  obvious  therefore  that 
variations  in  filling  twist  of  as  little  as  one  turn  per  inch 
will  result  in  significant  variations  In  permeability.  Twist 
variations  of  this  magnitude  abe  common  and  uncontrollable  on 
even  the  most  modem  of  commercial  textile  equipment.  This  again 
points  up  the  fact  that  broad  specification  tolerances  for  per¬ 
meability  requirements  are  essential. 
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(c)  Weave 


Those  trials  provo  that  weave  does  have  a  direct 
effoct  on  permeability.  The  samples  with  plain  (or  taffeta) 
weave  show  the  lowest  permeability.  The  2x1  twill  and  the  dobby 
weave  show  a  relatively  slight  difference.  However,  the  number  of 
binding  points  por  square  inch  is  approximately  the  same  in  both 
woaves  and  it  seems  evident  that  the  permeability  should  not  be 
too  different. 


C.  CONCLUSIONS 


No  difficulty  was  experienced  in  producing  fabrics  which 
fell  easily  within  the  range  of  target  properties.  The  data 
obtained  seem  to  indicate  clearly  that  it  is  possible  to  vary 
the  air  permeability  characteristics  at  high  and  low  differential 
pressures  independently.  In  order  to  prove  this  finally  and  to 
establish  limits,  further  experimental  work  is  required,  which 
was  beyond  the  scope  of  this  investigation. 

The  control  of  the  value  of  the  constant  "K"  is  also  a 
matter  for  further  exploration,  since  the  complete  understanding 
of  tlii  8  control  should  greatly  aid  the  designer  of  parachute 
fabrics  in  achieving  his  target  properties. 
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APPENDIX  I 


mathematical  development 

"'he  following  equations  show  the  relationship  of  "K°  to 
the  concept  "Effective  Porosity"  as  described  by  Dr.  Heinrich 

(U*. 

Symbols : 

C  Effective  porosity 

1°  Air  density 

Vj  Free  stream  velocity 

V2  Outflow  velocity  through  fabric 

M  Air  permeability  (cu  ft/min/sq  ft) 

A  Air  permeability  at  1-inch  pressure  differential 

K  Slope  of  line  described  above,  a  fabric  constant 

h  Pressure  differential  in  inches  of  water 

AP  Pressure  differential  in  lbs/sq  ft 

(1)  Enpirical  Formula  -  log  Mq/Mx  q  K  log  hn/hx 

(2)  C  -  V2Al 

o)  vx  b  vm? 

(k)  AP  =  5.2h 

(5)  V2  Q  M/60 

(6)  VX  s 

(7)  C  -  VsAla  M 

50 

(8)  log  C  o  log  M  / 

(9)  log  M/A  -  K  log 

(10)  log  K  8  log  A  / 

(11)  log  C  3  log  A  / 


5E 


l0g  J. 


h/l 

K  log  h 

K  log  h  /  log  1 

w 
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(12) 

log  C  =  log  * 

/  (K  -  .5)  log  h 

55 

v  ronj 

(13) 

C  a  A  /  f> 

tU  v  10 .14. 

X  h<K  -  •$> 

Accordingly  C  will  be  constant  (at  constant  air  density) 
only  if  wKt1  equals  0,5.  For  values  of  nKn  greater  than  0.5, 
which  is  the  general  case,  C  will  not  be  constant,  but  will 
follow  the  equation: 

(llj.)  log  Cfl/Cj  a  (K-.5)log  h^/hx 
which  ia  very  similar  to  the  original  equation: 

(1)  log  Mji/Mx  b  K  log  hj^/hj 

differing  only  by  the  slope  of  the  line  representing  thiB 
relationship.  Obviously  a  change  in  the  value  of  nKn  will 
result  in  a  greater  proportional  change  in  (K-,5>).  For 
example,  a  20$  increase  in  ”K”,  from  0.600  to  0.720,  would 
result  in  a  change  in  (K-,5)  from  0.100  to  0.220,  an  increase 
of  120$. 
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APPENDIX  II 


METHODS  OF  DETERMINING  "K" 


In  the  following  methods  for  determining  "Kn  it  is  assumed 
that  roadinga  of  air  permeability  have  been  taken  at  several 
pressure  differentials.  It  has  been  found  as  a  general  observa¬ 
tion  that  the  values  of  air  permeability  at  pressure  differ¬ 
entials  above  2  inches  of  water  more  consistently  lie  on  a 
straight  line.  At  the  lower  pressure  differentials  of  l/2  inch 
and  1  inch,  the  points  are  apt  to  lie  either  above  or  below  the 
best  straight  line  for  the  rest  of  the  points.  For  this  reason, 
in  calculating  or  otherwise  measuring  "K",  it  is  best  to  disre¬ 
gard  the  lowest  value  obtained  if  it  lies  more  than  10^  away 
from  the  theoretical  value  given  by  the  extrapolated  straight 
line  from  the  rest  of  the  points.  This  results  in  the  most 
aoourate  value  of  for  use  in  extending  the  line  to  pressure 
differentials  higher  than  those  measured.  The  following  methods 
are  suitable  for  determining  ”K" ? 

A.  Qraphioal  Method 

Plot  values  of  air  permeability  vs.  pressure  differential 
on  logarithmio  graph  paper.  Draw  the  best  representative 
straight  line  through  the  points  plotted.  The  lowest  points 
may  not  lie  on  this  line  (see  above),  Experience  has  shown 
that  for  other  points  which  do  not  lie  on  the  line,  there  is 
usually  some  explanation,  as  a  typographical  error  or  error  in 
calculating  air  permeability. 


air 

permea 


bility 

M 


(1)  Measure  AM  and  Ah.  K  equals  AM/kh 

or 

(2)  Measure  the  angle  ©  with  a  protractor.  K  s  tan© . 

It  is  usually  advisable  to  plot  the  points  before  going  to 
either  of  the  following  mathematical  methods  of  determining  nK”, 
since  obvious  errors  which  can  easily  be  seen  on  a  graph  may  not 
be  picked  up  when  only  the  figures  are  used. 
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B.  Simplified  or  Snort  Pom  Method 


Ujio  valuos  of  air  pormeabl  11  ty  obtained  at  any  two  pressure 
differentials  each  "that  the  higher  pressure  Is  ton  times  the 
lower  pressiiro.  Subtract  the  logarithm  of  the  lower  air  permea¬ 
bility  from  logarithm  of  the  higher  air  pormeabllity.  The 
answer  Is  "H"  directly.  Best  results  are  obtained  if  it  iu  known 
from  plotting  that  "both  points  lie  on  tho  bost  straight  line.  Of 
the  combinations  — 5?  inches,  1-10  inches,  2-20  inches,  the  latter 
is  more  1  i kaly  to  give  accurate  results  for  the  roason3  given 
above. 

C.  Method  of  Least  Squares 

"Kn  can  be  calculated  very  exactly,  providing  that  the  pre¬ 
cautions  outline  above  are  taken,  that  the  points  be  plotted 
first  errors  due  to  typography  or  prior  calculations  corrected, 
and  the  accuracy  of*  the  lower  points  be  evaluated.  Using  the 
following  s’/roboli  sm  r 

h  -  pressure  differential  (any  units) 

M  ■■■  air  permeability  (any  units) 

N  -  number  of  different  readings  UBed 

(«£  log  h  )(£  log  M) 

K  ~  £[log  h)  ( log  M)  - _ N _ 

£(log  h)2  -  {i  log  h)2 

N 
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